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(54) Method, optical device, and system for optical fiber transmission 



(57) The present invention relates to a method for 
optical fiber transmission which can increase a trans- 
mission distance. A first optical fiber having dispersion 
is first provided. An optical signal is next supplied to the 
first optical fiber so that the optical signal is compressed 
on the time axis as propagating in the first optical fiber. 
In the case that the dispersion is normal dispersion, for 
example, prechirping is performed so that the optical 



signal has down-chirp. A compressed optical signal out- 
put from the first optical fiber is supplied to an optical 
device having a saturated gain. According to this 
method, the transmission distance can be increased by 
the effective combination of compression of the optical 
signal and waveform shaping by the optical device. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a method, 
optical device, and system tor optical fiber transmission. 

Descripti on of the Related AH 

[0002] Owing to recent developments of low-loss 
silica optical fibers, various optical fiber communication 
systems each using such an optical fiber as a transmis- 
sion line have been put to practical use. The optical fiber 
itself has a very wide band. However, a transmission 
capacity by the optical fiber is actually limited by a sys- 
tem design. The most important limitation is due to 
waveform distortion by chromatic dispersion occurring 
in the optical fiber. Further, the optical fiber attenuates 
an optical signal at a rate of about 0.2 dB/km, for exam- 
ple. Loss of the optical signal due to this attenuation has 
been compensated for by adopting an optical amplifier 
such as an erbium doped fiber amplifier (EDFA) that is a 
typical example. 

[0003] The chromatic dispersion that is often 
referred to simply as dispersion is a phenomenon such 
that the group velocity of an optical signal in an optical 
fiber changes as a function of the wavelength (fre- 
quency) of the optical signal. In a standard single-mode 
fiber, for example, an optical signal having a longer 
wavelength propagates faster than an optical signal 
having a shorter wavelength in a wavelength region 
shorter than 1.3 urn, and the resultant dispersion is usu- 
ally referred to as normal dispersion. In contrast, an 
optical signal having a shorter wavelength propagates 
faster than an optical signal having a longer wavelength 
in a wavelength region longer than 1 .3 jum, and the 
resultant dispersion is usually referred to as anomalous 
dispersion. 

[0004] In recent years, the non linearities of an opti- 
cal fiber have received attention in association with an 
increase in optical signal power due to the use of an 
EDFA. The most important nonlinearity that limits a 
transmission capacity is an optical Kerr effect occurring 
in an optical fiber. The optical Kerr effect is a phenome- 
non such that the refractive index of an optica! fiber 
changes with the intensity of an optical signal. A change 
in the refractive index modulates the phase of an optical 
signal propagating in an optical fiber, resulting in the 
occurrence of frequency chirping which changes a sig- 
nal spectrum. This phenomenon is known as self-phase 
modulation (SPM). Spectral broadening due to SPM 
occurs to cause further enlargement of the waveform 
distortion due to chromatic dispersion. 
[0005] Thus, in optical fiber communication, the 
waveform degradation due to the dispersion of an opti- 
cal fiber or the nonlinear optical effects in an optical fiber 



becomes a large factor of transmission limit. The influ- 
ence of the dispersion increases with an increase in 
width of a signal band, and becomes significant in pro- 
portion to the square of a signal speed. Accordingly, a 
5 transmission distance in transmission of a high-speed 
signal Is remarkably limited. Various dispersion com- 
pensating methods have been invented and put to prac- 
tical use to compensate for the dispersion. 
[0006] As a typical example of the methods for corn- 
to pensatlng the transmission waveform distortion due to 
dispersion, a method using a dispersion compensator is 
known. A dispersion compensating fiber providing a 
large dispersion or a compensating device such as a 
fiber grating is known as the dispersion compensator. 
15 Other known dispersion compensating methods include 
a method of alternately arranging positive and negative 
dispersions along a transmission line to configure a 
transmission line having substantially zero dispersion, 
and a method of arranging an optical phase conjugator 
20 along a transmission line to compensate for a phase 
change due to dispersion. The compensating method 
using the optical phase conjugator can also compen- 
sate for the nonlinear optical effects. 
[0007] As an example of the method of simply com- 
25 pensating the influence of the nonlinear optical effects, 
a method of performing prechirping to a signal is known. 
This method is a method of compressing pulses by the 
nonlinear optical effects in a transmission line to com- 
pensate for pulse broadening due to dispersion and to 
30 simultaneously ensure a high optical signal-to-noise 
ratio (SNR), thereby increasing a transmission distance. 
This prechirping method is widely adopted in a practical 
system. 

[0008] The group velocity of optical pulses in a nor- 

35 mal dispersive fiber becomes larger with an increase in 
wavelength, whereas the group velocity of optical 
pulses in an anomalous dispersive fiber becomes larger 
with a decrease in wavelength. Accordingly, by provid- 
ing chirping such that a wavelength shift toward longer 

40 wavelengths occurs near the leading edge of each 
pulse (negative chirp) and a wavelength shift toward 
shorter wavelengths occurs near the trailing edge of 
each pulse (positive chirp), i.e., by providing up-chirp, 
pulse compression is caused by transmission in an 

45 anomalous dispersive fiber. On the other hand, by pro- 
viding chirping such that a wavelength shift toward 
shorter wavelengths occurs near the leading edge of 
each pulse (positive chirp) and a wavelength shift 
toward longer wavelengths occurs near the trailing edge 

so of each pulse (negative chirp), i.e., by providing down- 
chirp, pulse compression is caused by transmission in a 
normal dispersive fiber. 

[0009] Further, pulse compression can also be 
caused by setting the total dispersion to a slight normal 
55 dispersion or a slight anomalous dispersion rather than 
to zero dispersion in carrying out dispersion compensa- 
tion, and then performing the prechirping under this set- 
ting. 
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[001 0] In the conventional dispersion compensating 
methods or the prechirping method, the transmission 
distance cannot be sufficiently increased. 
[001 1 ] It is therefore an object of the present inven- 
tion to provide a method for optical fiber transmission 5 
which can increase a transmission distance. It is 
another object of the present invention to provide an 
optical device and system which are applicable in carry- 
ing out such a method. Other objects of the present 
invention will become apparent from the following w 
description. 

SUMMARY OF THE INVENTION 

[0012] In accordance with a first aspect of the is 
present invention, there is provided a method for optical 
fiber transmission. A first optical fiber having dispersion 
is first provided. An optical signal is next supplied to the 
first optical fiber so that the optical signal is compressed 
on the time axis as propagating in the first optical fiber. 20 
Then, a comprpsspo optical signal output from the first 
optical fiber is supplied to an ootical device having a sat- 
urated gain. 

[0013] According tc this method, the compression 
of the optical signal m the first optical fiber and wave- 25 
form shaping of the compressed optical signal in the 
optical device having a saturated gain are combined 
together, so that the transmission distance can be effec- 
tively increased. 

[0014] For example, an optical signal output from 30 
the optical device is supplied to a second optical fiber. In 
this case^ the transmission distance especially by the 
second optical fiber can be greatly increased over the 
prior art by the above-mentioned effective combination 
in the method according to the present invention. 35 
[0015] Preferably, at least one optical amplifier is 
provided along the first optical fiber. In this case, the 
peak power of the compressed optical signal can be 
easily adjusted so as to become greater than a thresh- 
old power giving the saturated gain. 40 
[0016] In the case that the dispersion of the first 
optical fiber is normal dispersion, the optical signal can 
be compressed on the time axis as propagating in the 
first optical fiber by performing prechirping so that the 
optical signal has down-chirp. as 
[0017] in the case that the dispersion of the first 
optical fiber is anomalous dispersion, the optical signal 
can be compressed on the time axis as propagating in 
the first optical fiber by performing prechirping so that 
the optical signal has up-chirp. so 
[001 8] In the case of utilizing self-phase modulation 
(SPM), the optical signal can also be compressed on 
the time axis as propagating in the first optical fiber by 
suitably setting the dispersion of the first optical fiber 
and the power of the optical signal. ss 
[001 9] A dispersion compensator for compensating 
the dispersion of the first optical fiber may be provided 
along the first optical fiber. Further, a dispersion com- 



pensator for compensating the dispersion of the second 
optical fiber may be provided along the second optical 
fiber. 

[0020] An optical phase conjugator may be pro- 
vided in the vicinity of a point where the dispersion of 
the first optical fiber is substantially equally divided. Fur- 
ther, an optical phase conjugator may be provided in the 
vicinity of a point where the dispersion of the second 
optical fiber is substantially equally divided. 
[0021] in accordance with a second aspect of the 
present invention, there is provided an optical device to 
which an optical signal compressed on the time axis as 
propagating in an optical fiber is supplied. This optical 
device comprises a semiconductor optical amplifier for 
applying a gain saturated in concert with an increase in 
input power to the optical signal. 
[0022] In accordance with a third aspect of the 
present invention, there is provided an optical device to 
which an optical signal compressed on the time axis as 
propagating in an optical fiber is supplied. This optical 
device comprises a distributed feedback (DFB) laser 
and a circuit for supplying a current to the DFB laser so 
that the DFB laser oscillates at a first wavelength. The 
optical signal has a second wavelength different from 
the first wavelength. As a result, the DFB laser can 
apply a gain saturated in concert with an increase in 
input power to the optical signal. 
[0023] In accordance with a fourth aspect of the 
present invention, there is provided a system for optical 
fiber transmission. This system comprises an optical 
transmitter, a first optical fiber, and an optical device. 
The optical transmitter outputs an optical signal. The 
first optical fiber is provided so that the optical signal is 
compressed on the time axis as propagating in the first 
optical fiber. A compressed optical signal output from 
the first optical fiber is supplied to the optical device. 
The optical device has a saturated gain. 
[0024] The above and other objects, features and 
advantages of the present invention and the manner of 
realizing them will become more apparent, and the 
invention itself will best be understood from a study of 
the following description and appended claims with ref- 
erence to the attached drawings showing some pre- 
ferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

FIG. 1 is a block diagram showing a first preferred 
embodiment of the system according to the present 
invention; 

FIG. 2 is a block diagram showing a preferred 
embodiment of a transmitter applicable to the sys- 
tem according to the present invention; 
FIG. 3 is a diagram for illustrating the principle of 
stabilization of an operating point; 
FIGS. 4A to 4D are graphs for illustrating switching 
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of a chirp parameter; 

FIG. 5 is a graph showing an example of a charac- 
teristic of a gain-saturated optical amplifier; 
FIG. 6 is a block diagram showing a preferred 
embodiment of the optical device according to the 5 
present invention; 

FIG. 7 is a block diagram showing another preferred 
embodiment of the optical device according to the 
present invention; 

FIG. 8 is a block diagram showing a second pre- 10 
ferred embodiment of the system according to the 
present invention; 

FIG. 9 is a block diagram showing a third preferred 
embodiment of the system according to the present 
invention; *5 
FIG. 10 is a block diagram showing a fourth pre- 
ferred embodiment of the system according to the 
present invention; 

FIG. 1 1 is a block diagram of a system used for a 
demonstrative experiment; 
FIG. 12 is a graph showing a characteristic of a 
DFB-LD used in the experiment; 
FIGS. 13A to 13E are waveform charts showing 
experimental results; and 

FIG. 14 is a graph showing an improvement in 
power penalty in the experiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Some preferred embodiments of the present 
invention will now be described in detail with reference 
to the attached drawings. The same reference numerals 
in similar drawings denote like or similar parts. 
[0027] FIG. 1 is a block diagram showing a first pre- 
ferred embodiment of the system according to the 
present invention. This system includes a transmitter 2, 
a gain-saturated optical amplifier 6 connected to the 
transmitter 2 by a first optical fiber 4, and a receiver 10 
connected to the optical amplifier 6 by a second optical 
fiber 8. The transmitter 2 outputs a pulsed optical signal 
to the first optical fiber 4 as shown by reference numeral 
1 2. The first optical fiber 4 is provided so that the optical 
signal output from the transmitter 2 is compressed on 
the time axis as shown by reference numeral 14 as 
propagating in the first optical fiber 4. A compressed 
optical signal output from the first optical fiber 4 is sup- 
plied to the optical amplifier 6. The optical amplifier 6 
has a saturated gain. 

[0028] The compressed optical signal supplied to 
the optical amplifier 6 is provided with the saturated gain 
by the optical amplifier 6, and the top of each pulse is 
flattened, thereby waveform-shaping the compressed 
optical signal. The compressed optical signal thus 
waveform-shaped is supplied to the second optical fiber 
8 as shown by reference numeral 1 6, and is transmitted 
to the receiver 1 0 by the second optical fiber 8. 
[0029] The optical signal output from the transmitter 



2 is compressed on the time axis as propagating in the 
first optical fiber 4. Accordingly, in the case that the first 
optica! fiber 4 has normal dispersion, the optical signal 
to be output from the transmitter 2 is provided with 
down-chirp, whereas in the case that the first optical 
fiber 4 has anomalous dispersion, the optical signal to 
be output from the transmitter 2 is provided with up- 
chirp, j 
[0030] FIG. 2 is a block diagram showing a pre- 
ferred embodiment of the transmitter applicable to the 
system shown in FIG. 1, which can perform prechirping 
such as down-chirp or up-chirp. 
[0031] The transmitter shown in FIG. 2 includes a 
light source 18 such as a laser diode for outputting con- 
tinuous-wave (CW) light, a port 20 for inputting a modu- 
lating signal MS, and a Mach-Zehnder optical modulator 
(MZ modulator) 22 for modulating the CW light output 
from the light source 1 8 according to the modulating sig- 
nal MS to generate an optical signal. The optical signal 
thus generated from the MZ modulator 22 is passed 
through an optical coupler 24 and next output from a 
port 26 to the first optical fiber 4. 
[0032] The MZ modulator 22 includes an input port 
22A optically connected to the light source 1 8, an output 
port 22B optically connected to the optical coupler 24, a 
pair of optical paths 30 and 32 optically coupled through 
a Y branch 28 to the input port 22A, and another Y 
branch 34 for optically coupling the optical paths 30 and 
32 to the output port 22B. 

[0033] The Y branches 28 and 34 and the optical 
paths 30 and 32 may be obtained by performing thermal 
diffusion of Ti or the like with a given pattern on a dielec- 
tric substrate formed of LiNb0 3 or the like to thereby 
form an optical waveguide structure. A ground electrode 
42 and a signal electrode 44 are provided on the optical 
paths 30 and 32, respectively, to apply an electric field 
to the optical paths 30 and 32. The signal electrode 44 
is provided as a traveling-wave type, for example. The 
CW light supplied from the light source 18 to the input 
port 22A is first branched at the Y branch 28 into first 
and second branch beams having substantially the 
same power. The first and second branch beams prop- 
agate in the optical paths 30 and 32, respectively, and 
then joined together at the Y branch 34. 
[0034] The electric field generated between the 
ground electrode 42 and the signal electrode 44 
changes the refractive indices of the optical paths 30 
and 32 in opposite directions, thereby producing a 
phase difference between the first and second branch 
beams. Then, the first and second branch beams differ- 
ent in phase interfere with each other at the Y branch 
34, so that an optical signal intensity-modulated accord- 
ing to the modulating signal MS is output from the out- 
put port 22B. 

[0035] To drive the MZ modulator 22 and stabilize 
an operating point of the MZ modulator 22, this transmit- 
ter further includes a superimposing circuit 46, a bias 
circuit 48, a low-pass filter 50, a phase detector 52, an 
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oscillator 54, and a photodetector (PD) 56. 
[0036] Further, this transmitter further includes a 
port 58 tor inputting a control signal CS, a chirp param- 
eter setting circuit 60 operating according to the control 
signal CS supplied to the port 58, and two sign inverting 5 
circuits 62 and 64, so as to perform prechirping. 
[0037] A low-frequency signal having a frequency fo 
output from the oscillator 54 is used to stabilize the 
operating point. The low-frequency signal is supplied 
through the sign inverting circuit 64 to the superimpos- 10 
ing circuit 46. The modulating signal MS is supplied 
through the sign inverting circuit 62 to the superimpos- 
ing circuit 46. The low-frequency signal is superim- 
posed on the modulating signal MS in the 
superimposing circuit 46, and a resultant superimposed 15 
signal is supplied to the signal electrode 44. The super- 
imposing circuit 46 may be configured of a variable-gain 
amplifier and a capacitor for AC-connecting this ampli- 
fier to the signal electrode 44. The sign inverting circuits 
62 and 64 are controlled by the chirp parameter setting 20 
circuit 60. This control will be hereinafter described 
more specifically. 

[0038] A bias voltage controlled so as to stabilize 
the operating point is supplied from the bias circuit 48 to 
the signal electrode 44. For this control, a part of the 25 
optical signal output from the output port 22B of the MZ 
modulator 22 is converted into an electrical signal by the 
photodetector 56. This electrical signal may include a 
low-frequency component having a frequency fo. 
[0039] The phase detector 52 is provided as a syn- 30 
chronous detector circuit. The phase detector 52 com- 
pares the phase of the low-frequency signal from the 
oscillator 54 and the phase of the low-frequency compo- 
nent from the photodetector 56. The result of this phase 
comparison appears in a DC component of the output 35 
signal from the phase detector 52. Accordingly, the DC 
component is extracted by the low-pass filter 50 and 
then fed back to the bias circuit 48. 
[0040] In this feedback loop, the bias circuit 48 con- 
trols the bias voltage so that the low-frequency compo- 40 
nentfrom the photodetector 56 is minimized. 
[0041] Referring to FIG. 3, there is shown the prin- 
ciple of stabilization of the operating point of the MZ 
modulator 22 shown in FIG. 2. Reference numeral 65 
denotes a waveform of an electrical signal (superim- 45 
posed signal) input to the MZ modulator 22. An optimum 
operating point of the MZ modulator 22 is determined by 
an operating characteristic curve in which the high and 
low levels of the input electrical signal 65 give maximum 
and minimum output signal powers, respectively. The 50 
operating characteristic curve is given by a sine curve 
showing the relation between optical power and applied 
voltage. A shift of the operating characteristic curve 
along the voltage axis is referred to as an operating 
point drift. 55 
[0042] When the operating characteristic curve 66 
is shifted to a curve 68 or 70 because of temperature 
fluctuations or the like, a low-frequency component- 



appears in the output optica! signal, and the phase of 
the low-frequency component reflects a direction of 
shifting of the curve 66. That is, the envelopes of the 
output optical signals given by the operating character- 
istic curves 68 and 70 are different in phase by 180° 
from each other. Accordingly, the operating point of the 
MZ modulator 22 can be stabilized by performing syn- 
chronous detection by use of the phase detector 52 as 
shown in FIG. 2. 

[0043] There will now be described switching of the 
chirp parameter by use of the sign inverting circuits 62 
and 64 with reference to FIGS. 4A to 4D. In the MZ mod- 
ulator 22, optical switching by interference is performed, 
and it is therefore possible to perform prechirping by uti- 
lizing wavelength fluctuations (chirping) occurring sub- 
stantially due to interference. The prechirping is a 
method for suppressing a degradation in transmission 
waveform due to chromatic dispersion and/or nonlinear 
effects in an optical fiber transmission line by preliminar- 
ily giving wavelength (frequency) fluctuations within one 
pulse of an optical signal to be generated. There are a 
plurality of operating points that may become stable 
points, because the operating characteristic curve of the 
MZ modulator 22 is given as a sine curve. 
[0044] Referring to FIG. 4A, there is shown an oper- 
ating characteristic curve of the MZ modulator 22. In the 
case that a positive pulse as shown in the left graph of 
FIG. 4B is given as the applied voltage by using a region 
72 in the vicinity of one stable point Vb1, the optical 
power (P) increases with an increase in the applied volt- 
age (V) in the region 72. Accordingly, an optical pulse is 
output with the same polarity as the polarity of the volt- 
age pulse as shown in the left graph of FIG. 4C. In this 
case, the wavelengths at the leading edge of the optical 
pulse are shorter than the average value, and the wave- 
lengths at the trailing edge of the optical pulse are 
longer than the average value as shown in the left graph 
of FIG. 4D. That is, the wavelength shifts from shorter 
wavelengths (higher frequencies) toward longer wave- 
lengths (lower frequencies) with respect to time (t) in 
one optical pulse. This phenomenon is referred to as 
down-chirp or red shift. 

[0045] Conversely, in the case that a negative volt- 
age pulse as shown in the right graph of FIG. 4B is 
given by using a region 74 in the vicinity of another sta- 
ble point Vb2, the optical power (P) decreases with an 
increase in the applied voltage (V) in the region 74. 
Accordingly, an optical pulse is output with a polarity 
opposite to the polarity of the voltage pulse as shown in 
the right graph of FIG. 4C. In this case, the wavelength 
shifts toward longer wavelengths at the leading edge of 
the optical pulse and shifts toward shorter wavelengths 
at the trailing edge of the optical pulse as shown in the 
right graph of FIG. 4D. That is, the wavelength shifts 
from longer wavelengths (lower frequencies) toward 
shorter wavelengths (higher frequencies) with respect 
to time (t) in one optical pulse. This phenomenon is 
referred to as up-chirp or blue shift. 
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[0046] The chirp parameter a of an optical pulse is 
given by the following expression. 

a = 2(d4>/dt) (dS/dt)/S 

where <J> is the optical phase and S is the optical inten- 
sity. 

[0047] In the case of down-chirp, the chirp parame- 
ter a takes on positive values, whereas in the case of 
up-chirp, the chirp parameter a takes on negative val- 
ues. 

[0048] When the wavelength of an optical signal is 
shorter than the zero-dispersion wavelength of an opti- 
cal fiber used as a transmission line, that is, falls in a 
region of normal dispersion, longer-wavelength light 
travels faster than shorter-wavelength light in the optical 
fiber. Accordingly, by preliminarily giving a prechirping 
of 0 < a (down-chirp), pulse compression occurs. Con- 
versely, the wavelength of an optical signal falls in a 
region of anomalous dispersion, shorter-wavelength 
light travels faster than longer-wavelength light. Accord- 
ingly, by preliminarily giving a prechirping of a < 0 (up- 
chirp), pulse compression occurs 
[0049] In the preferred embodiment shown in FIG. 
2, the chirp parameter setting circuit 60 operates to 
switch the stable points Vbl and Vb2. thereby switching 
the sign of the chirp parameter a. 
[0050] More specifically, the sign inverting circuit 64 
is provided to invert the polarity of the low-frequency 
signal to be supplied from the oscillator 54 to the super- 
imposing circuit 46. When the polarity of the low-fre- 
quency signal is switched by the sign inverting circuit 
64, the phase of the low-frequency signal to be supplied 
to the superimposing circuit 46 is inverted. As a result, 
the direction of control in the feedback loop including the 
photodetector 56 is reversed. For example, in the case 
that the stable point before switching is Vb1 shown in 
FIG. 4A, the stable point after switching becomes Vb2. 
As a result, the sign of the chirp parameter a is inverted. 
In this manner, eitherthe down-chirp or the up-chirp can 
be selected. 

[0051] In this case, the optical power increases with 
an increase in the applied voltage at the original stable 
point Vb1 , whereas the optical power decreases with an 
increase in the applied voltage at the stable point Vb2 
after switching. In this respect, the sign inverting circuit 
62 for the modulating signal MS is adopted to maintain 
the relation between the high and low levels of the mod- 
ulating signal MS identical with the relation between the 
high and low levels of the optical signal output from the 
MZ modulator 22. 

[0052] FIG. 5 is a graph showing an example of the 
characteristic of the gain-saturated optical amplifier 6 
shown in FIG. 1 . This graph shows changes in output 
power P s . out with changes in input power P s . }n . The out- 
put power is proportional to the input power P s _ jn 
when the input power P s . jn is lower than a threshold 
However, when the input power P s _j n becomes equal to 



or higher than the threshold P s0 , the output power P s . ou r 
becomes a constant value P sat . 
[0053] Accordingly, by setting the peak power of the 
optical signal to be supplied to the gain-saturated opti- 

5 cal amplifier 6 to a value higher than the threshold 
in the system shown in FIG, 1 , the top of each pulse can 
be flattened to thereby waveform-shape the optical sig- 
nal. In general, a highest-speed modulation component 
tends to be included near the peak of a pulse com- 

w pressed on the time axis. Accordingly, a signal spectrum 
can be narrowed by the waveform shaping using the 
gain-saturated optical amplifier 6. The waveform distor- 
tion due to dispersion becomes remarkable in propor- 
tion to the square of spectral broadening (bit rate), so 

15 that the narrowing of the signal spectrum can reduce 
the waveform distortion to thereby increase a transmis- 
sion distance. 

[0054] When an optical signal is supplied to the 
gain-saturated optical amplifier 6, the number of pho- 

20 tons near the peak of each pulse of the optical signal 
becomes larger than the number of photons near the 
leading edge or the trailing edge, thereby exhibiting a 
phenomenon that gain saturation is enhanced. By using 
this phenomenon, amplitude fluctuations near the peak 

25 of each pulse of a compressed optical signal having 
amplitude fluctuations can be suppressed. In an optical 
amplifier such as a semiconductor optical amplifier not 
in a gain saturated condition, the speed of an input opti- 
cal signal is limited because of speed limitation (usually, 

30 several GHz) of absorption restoration time or carrier 
density variations, and waveform distortion is added to a 
signal having a speed higher than the limited speed. To 
the contrary, in an optical amplifier in a gain saturated 
condition, excess carriers are recombined in an active 

35 layer by stimulated emission, so that the absorption res- 
toration time can be shortened. In a sufficiently satu- 
rated condition, a high-speed response of tens of ps or 
less can be achieved to also allow the waveform shap- 
ing of a short pulse having a pulse width of tens of ps or 

40 less or the waveform shaping of an ultrahigh-speed sig- 
nal having a speed of tens to hundreds of Gb/s. 
[0055] According to the present invention, a simple 
all-optical waveform shaper not dependent on the bit 
rate or pulse shape of signal light can be provided by 

45 using an optical device having a saturated gain. Further, 
by combining the waveform shaping operation of the 
waveform shaper and the compression of an optical sig- 
nal on the time axis in an optical fiber transmission line, 
a transmission distance can be increased. 

so [0056] The increasing of a transmission distance in 
the system shown in FIG. 1 may be considered in the 
following manner. If a certain length (or certain disper- 
sion) of the second optical fiber 8 provides a transmis- 
sion limit in the case that the present invention is not 

55 applied, the waveform shaping using the gain-saturated 
optical amplifier 6 according to the present invention 
allows the waveform and spectrum of a waveform- 
shaped optical signal to approach the waveform and 
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spectrum of a transmitted optical signal, so that the 
transmission limit can be expanded by an amount corre- 
sponding to the length (or dispersion) of the first optical 
fiber 4. Accordingly, the tolerance to dispersion can be 
expanded by an amount corresponding to the disper- 
sion in the first optical fiber 4. In a system to which dis- 
persion compensation is applied, the requirement to the 
accuracy of dispersion compensation is increasing with 
an increase in speed of a signal, because the tolerance 
to dispersion becomes exacting in proportion to the 
square of the bit rate of the signal. According to the 
present invention, such dispersion tolerance can be 
expanded to thereby expand a margin to the total dis- 
persion in a system and to also allow a cost reduction of 
the system. 

[0057] FIG. 6 is a block diagram showing a pre- 
ferred embodiment of the optical device according to the 
present invention. This optical device may be used as 
the gain-saturated optical amplifier 6 in the system 
shown in FIG. 1 . This optical device includes a semicon- 
ductor optical amplifier (SOA) 66. An optical signal com- 
pressed on the time axis as propagating in an optical 
fiber is supplied to the semiconductor optical amplifier 
66 as shown by reference numeral 68. 
[0058] The semiconductor optical amplifier 66 is 
supplied with a drive current from a drive circuit 70 so as 
to apply a gain saturated in concert with an increase in 
input power to the supplied optical signal. Accordingly, 
in the case that the wavelength of the supplied optical 
signal is A, s , a waveform-shaped optical signal also hav- 
ing the wavelength A5 is output from the semiconductor 
optical amplifier 66 as shown by reference numeral 72. 
[0059] However, the semiconductor optical ampli- 
fier 66 generates amplified spontaneous emission 
(ASE) noise, and this ASE noise is mainly amplified in 
an off level of the signal. As a result, there is a case that 
degradation due to the noise becomes remarkable 
especially in the off level. To cope with this problem, this 
preferred embodiment employs a light source 74 for 
supplying assist light having a wavelength k A different 
from the wavelength X$ of the supplied optical signal to 
the semiconductor optical amplifier 66. By using the 
light source 74, most of the gain is applied to amplifica- 
tion of the assist light even in the off level of the signal in 
the semiconductor optical amplifier 66, thereby sup- 
pressing the degradation due to the noise. 
[0060] FIG. 7 is a block diagram showing another 
preferred embodiment of the optical device according to 
the present invention. This optical device may be used 
as the gain-saturated optical amplifier 6 in the system 
shown in FIG. 1. This optical device includes a DFB 
laser diode (DFB-LD) 76 as a distributed feedback 
(DFB) laser having a stop band defined as the range of 
wavelengths allowing laser oscillation. The width of the 
stop band is 0.5 to 1 .0 nm, for example. The DFB-LD 76 
is supplied with a drive current from a drive circuit 78 so 
as to laser-oscillate at a wavelength Xq included in the 
stop band. Oscillated laser light obtained as the result of 



this laser oscillation is output from the DFB-LD 76 as 
shown by reference numeral 80. In general, the oscil- 
lated laser light is continuous-wave (CW) light. 
[0061] The DFB-LD 76 in its oscillating state has a 

5 constant clamped gain with respect to the oscillated 
laser light. An optical signal having a wavelength X s not 
included in the stop band is supplied to the DFB-LD 76 
in the oscillating state as shown by reference numeral 
82. The optical signal supplied is subjected to waveform 

10 shaping in the DFB-LD 76, and a resultant waveform- 
shaped optical signal is output from the DFB-LD 76. The 
output optical signal has the wavelength A^. 
[0062] The DFB-LD 76 may be driven by supplying 
a constant drive current (bias current) to the DFB-LD 76 

75 by using the drive circuit 78 as shown in FIG. 7. How- 
ever, the present invention is not limited to this method, 
but a DFB laser may be driven by any other methods 
such as optical pumping. 

[0063] In the case that the DFB-LD 76 is driven by a 

20 current, which is set to a constant value, the total 
number of carriers contributing to laser oscillation and 
signal amplification is constant, and the total number of 
photons output from the DFB-LD 76 also becomes con- 
stant. Accordingly, by inputting an optical signal given 

25 as optical pulses into the DFB-LD 76, the number of 
photons near the peak of each pulse becomes larger 
than the number of photons near the leading edge or 
the trailing edge, thereby exhibiting an effect that gain 
saturation is enhanced. By using this effect, amplitude 

30 fluctuations near the peak of each pulse of an optical 
signal having amplitude fluctuations can be suppressed 
to thereby perform waveform shaping. 
[0064] Thus, according to an aspect of the present 
invention, a DFB laser having an output saturation char- 

35 acteristic or a saturated gain is used, and an optical sig- 
nal obtained by waveform shaping according to this 
characteristic is output from the DFB laser. 
[0065] According to the present invention, it is also 
possible to suppress the accumulation of amplitude 

40 noise due to the accumulation of ASE in a multirepea- 
tered transmission system using a plurality of cascaded 
optical amplifiers. The waveform degradation due to the 
accumulation of ASE is mainly due to signal/ASE beat 
noise, and the waveform degradation becomes most 

45 remarkable near the peak of a signal pulse. Accordingly, 
the application of the present invention can effectively 
compensate for such waveform degradation. 
[0066] The reason for the constant saturated output 
power in the characteristic shown in FIG. 5 in the 

50 case of using a DFB laser as in the preferred embodi- 
ment shown in FIG. 7 is that when the input power P s . in 
reaches the threshold P s0 , the laser oscillation is 
stopped, and the gain is saturated for input powers 
higher than the threshold P^, resulting in a constant 

55 output power. Accordingly, in the case that the optical 
signal is provided by optical pulses each having a high 
level and a low level, the amplitude fluctuations at the 
high level of the optical signal can be effectively sup- 
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pressed in the DFB laser by setting the low level to a. 
zero level and setting the high level to a value larger 
than the threshold P^. 

[0067] Thus, according to an aspect of the present 
invention, the power of an optical signal is adjusted so 5 
that the amplitude fluctuations at the high level of the 
optical signal are suppressed in a DFB laser (or gain- 
saturated optical amplifier). However, the present inven- 
tion is not limited to this method, but the high level of the 
optical signal may be set to a value smaller than the 10 
threshold P s0 . The reason for this setting is that there is 
a case that the output power tends to be saturated for 
input powers smaller than the threshold, depending 
upon the dynamic characteristics or the like of a DFB 
laser. is 
[0068] To supply the compressed optical signal to 
the DFB-LD 76 in the preferred embodiment shown in 
FIG. 7, a lens (not shown) for optically coupling an out- 
put end of the first optical fiber 4 (see FIG. 1) and a first 
end of the DFB-LD 76 may be used. Further, to effec- 20 
tively introduce the optical signal output from the DFB- 
LD 76 to the second optical fiber 8, a lens (not shown) 
for optically coupling an input end of the second optical 
fiber 8 and a second end of the DFB-LD 76 may be 
used. Each lens may be formed integrally with the cor- 25 
responding optical fiber by heating the end of the corre- 
sponding optical fiber. 

[0069] The stop band of the DFB-LD 76 is defined 
as the range of wavelengths allowing laser oscillation, 
so that the wavelength of the oscillated laser light is 30 
included in the stop band. The wavelength X s of the 
optica! signal is limited only by the fact that it is not 
included in the stop band. 

[0070] The optical device shown in FIG. 7 further 
includes a light source 86 for supplying assist light to the 35 
DFB-LD 76. The assist light has a, wavelength A, A not 
included in the stop band of the DFB-LD 76. The wave- 
length X A is not limited by whether or not it coincides 
with the wavelength X$ of the optical signal. However, in 
consideration of signal processing to be performed in 40 
the subsequent stage, the wavelength X A is preferably 
different from the wavelength X$. 
[0071] By using the assist light, an excess noise 
increase at the low level of the optical signal can be sup- 
pressed. Further, in the case that the low level of the 45 
optical signal continues, undesirable laser oscillation 
can be prevented to stabilize the operation of the optical 
device. If the assist light is not used, there is a case that 
AES-ASE beat noise accumulated at the low level of the 
optical signal and fluctuations of the low level due to so 
transmitted waveform degradation cannot be effectively 
suppressed. Further, the oscillating state and unoscillat- 
ing state of the DFB-LD 76 are repeated with changes 
of the high level and low level of the optical signal, caus- 
ing possible instability of the operation of the optical 55 
device. 

[0072] In this preferred embodiment, the assist light 
has a constant power. Accordingly, the assist light hav- 



ing a constant power is supplied to the DFB-LD 76 also, 
at the low level of the optical signal, thus obtaining the 
above-mentioned technical effects. The power of the 
assist light is adjusted so as to suppress an increase in 
noise at the low level of the optical signal. 
[0073] In each of the preferred embodiments shown 
in FIGS. 6 and 7, each of the light sources 74 and 86 is 
provided so that the assist light propagates in the same 
direction as that of the optical signal. However, the opti- 
cal connection of each of the light sources 74 and 86 
may be modified so that the assist light propagates in a 
direction opposite to the propagation direction of the 
optical signal. 

[0074] In each of the preferred embodiments shown 
in FIGS. 6 and 7, an optical bandpass filter having a 
pass band including the wavelength is preferably 
used. By using the optical bandpass filter, the optical 
signal can be easily separated from the assist light in 
the preferred embodiment shown in FIG. 6, whereas the 
optical signal can be easily separated from the assist 
light and the oscillated laser light in the preferred 
embodiment shown in FIG. 7. Further, additional optical 
devices such as an optical amplifier and an optical iso- 
lator may be provided as required. 
[0075] Additional details of the waveform shaping 
using a DFB laser is described in Japanese Patent 
Application No. 11-133576. 

[0076] FIG. 8 is a block diagram showing a second 
preferred embodiment of the system according to the 
present invention. In contrast to the first preferred 
embodiment shown in FIG. 1, this system is character- 
ized in that a dispersion compensator 88 for compen- 
sating the dispersion of the first optical fiber 4 is 
additionally provided along the first optical fiber 4. The 
dispersion compensator 88 functions to compensate for 
waveform distortion due to the dispersion of the first 
optical fiber 4 during transmission of an optical signal in 
the first optical fiber 4. By suitably setting the disper- 
sions of the first optical fiber 4 and the dispersion com- 
pensator 88, the prechirping to be applied to the optical 
signal to be output from the transmitter 2, the optical 
power, and the dispersion compensation amount, the 
optical signal to be supplied to the gain -saturated opti- 
cal amplifier 6 is compressed on the time axis. After 
waveform-shaping the optical signal in the gain-satu- 
rated optical amplifier 6, the optical signal is transmitted 
to the optical receiver 10 by the second optical fiber 8. 
[0077] While the power of an optical signal to be 
transmitted is preferably set as high as possible, so as 
to ensure a high optical SNR, such a high power causes 
spectral broadening due to nonlinear effects to enlarge 
waveform degradation due to dispersion. However, by 
applying pulse compression as in the case of the com- 
bination of anomalous dispersion and up-chirp, the 
waveform degradation can be reduced to thereby 
increase the optical SNR. In this case, the band of the 
signal subjected to pulse compression is broadened, so 
that waveform distortion in further transmission 
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becomes remarkable. However, by flattening the top of 
each pulse including a highest-speed modulation com- 
ponent in accordance with the present invention, the 
spectrum can be narrowed to thereby suppress the 
transmitted waveform distortion in the second optical 
fiber 8, thereby increasing a transmission distance. Fur- 
ther, in long-haul transmission applying dispersion com- 
pensation to rnultirepeatered transmission using optical 
amplifiers, a beat noise between signal light and ASE 
noise of each optical amplifier causes limitation of a 
transmission distance. However, this beat noise can be 
suppressed according to the present invention, thereby 
further increasing the transmission distance. 
[0078] Although not shown, a dispersion compen- 
sator for compensating the dispersion of the second 
optical fiber 8 may be additionally provided along the 
second optical fiber 8, thereby allowing a further 
increase in transmission distance. 
[0079] FIG. 9 is a block diagram showing a third 
preferred embodiment of the system according to the 
present invention. In contrast to the first preferred 
embodiment shown in FIG. 1 , this system is character- 
ized in that the optical signal to be supplied to the gain- 
saturated optical amplifier 6 is compressed on the time 
axis by suitably setting the prechirping to be applied to 
the optical signal to be output from the transmitter 2, the 
optical power, the dispersion of the fiber 4, and the posi- 
tion where an optical phase conjugator 90 is placed. For 
example, the optical phase conjugator 90 is placed in 
the vicinity of a point where the dispersion of the first 
optical fiber 4 is substantially equally divided. 
[0080] For example, the optical phase conjugator 
90 may be composed of a nonlinear optical medium and 
a pumping source for supplying pump light to the nonlin- 
ear optical medium so that an optical signal is subjected 
to phase conjugate conversion (wavelength conversion) 
by nondegenerate four-wave mixing in the nonlinear 
optical medium. In the case that an optical fiber is used 
as the nonlinear optical medium, the phase match con- 
dition is easily satisfied by making the wavelength of the 
pump light coincide with the zero dispersion wavelength 
of the optical fiber, thereby obtaining a high conversion 
efficiency and a wide conversion band, 
[0081 ] By adopting the optical phase conjugator 90, 
a phase change due to dispersion occurring in the first 
optical fiber 4 can be compensated. In addition, nonlin- 
ear effects in the first optical fiber 4 due to the high 
power of an optical signal can also be compensated. 
Accordingly, the transmission distance can be 
increased by these advantages in combination with the 
advantages previously mentioned. Further, in long-haul 
transmission applying waveform distortion compensa- 
tion by optical phase conjugation to rnultirepeatered 
transmission using optical amplifiers, a beat noise 
between signal light and ASE noise of each optical 
amplifier causes limitation of a transmission distance. 
However, this beat noise can be suppressed according 
to the present invention, thereby further increasing the 



transmission distance. 

[0082] Although not shown, an optical phase conju- 
gator may be additionally provided in the vicinity of a 
point where the dispersion of the second optical fiber 8 
5 is substantially equally divided. In this case, the trans- 
mitted waveform distortion in the second optical fiber 8 
can be further suppressed to thereby further increase 
the transmission distance. 

[0083] FIG. 1 0 is a block diagram showing a fourth 
w preferred embodiment of the system according to the 
present invention. In contrast to the first preferred 
embodiment shown in FIG. 1, this system is character- 
ized in that at least one optical amplifier 92 is addition- 
ally provided along each of the first and second optical 
75 fibers 4 and 8. In such a rnultirepeatered transmission 
system, the accumulation of amplitude noise due to the 
accumulation of ASE can be suppressed by applying 
the present invention as previously mentioned. Further, 
by adjusting the gain of each optical amplifier 92 pro- 
20 vided along the first optical fiber 4, the peak power of a 
compressed optical signal to be supplied to the gain- 
saturated optical amplifier 6 can be easily set higher 
than the threshold power giving a saturated gain in the 
optical amplifier 6. 
25 [0084] In each preferred embodiment of the system 
according to the present invention, the gain -saturated 
optical amplifier 6 is provided along the optical fiber 
transmission line connecting the transmitter 2 and the 
receiver 10. Accordingly, the gain-saturated optical 
30 amplifier 6 may be used as a waveform shaping section 
in an all-optical 2R regenerative repeater or an all-opti- 
cal 3R regenerative repeater. Although not shown, the 
second optical fiber 8 may be omitted and the gain-sat- 
urated optical amplifier 6 may be provided in the 
35 receiver 10. 

[0085] The present invention may be carried out in 
combination with WDM (wavelength division multiplex- 
ing). For example, in the case that ail channels can be 
compensated at a time by the gain-saturated optical 
40 amplifier 6 in the system shown in FIG. 1 , the system 
shown in FIG. 1 can be applied to WDM without any 
changes. In the case that all channels cannot be com- 
pensated at a time by the single gain -saturated optical 
amplifier 6 because of interchannel crosstalk or the like 
45 in WDM, the system shown in FIG. 1 may be modified in 
such a manner that WDM signal light transmitted by the 
first optical fiber 4 is separated into individual channels 
or an appropriate number of groups of plural channels 
by using an optical demultiplexer, that each channel or 
so each group of plural channels is next subjected to wave- 
form shaping by using a plurality of gain-saturated opti- 
cal amplifiers, that resultant waveform-shaped optical 
signals of all the channels are next combined together 
by using an optical muttiplexer, and that resultant WDM 
55 signal light after waveform-shaped is transmitted by the 
second optical fiber 8. 

[0086] There will now be described a demonstrative 
experiment of the present invention with reference to 
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FIGS. 11 to 14. 

[0087] FIG. 11 is a block diagram of a system used 
for the demonstrative experiment. Signal light (Signal) 
having a wavelength of 1558 nm was intensity-modu- 
lated with a sinusoidal wave having a frequency of 10 5 
GHz by using an electroabsorption (EA) modulator (EA 
mod.), and was further modulated with a 10 Gb/s data 
signal (PN: 2 23 " 1 ) by using an LN modulator (LN mod.). 
Resultant pulses generated were RZ pulses each hav- 
ing a width of about 30 ps. io 
[0088] The RZ modulated pulses were transmitted 
by a single-mode fiber (Fiber-1) having a dispersion of 
about +16 ps/nm/km, and then combined with assist 
light (Assist) having a wavelength of 1540 nm. These 
combined signal light and assist light were next input w 
into a DFB-LD as a gain-saturated optical amplifier or 
gain -clamped optical amplifier. The power of the assist 
light input into the DFB-LD was about 15 mW. The drive 
current for the DFB-LD was 400 mA, the oscillation 
wavelength was 1 550nm, and the oscillation power was 20 
about 40 mW. Signal light output from the DFB-LD was 
transmitted by a single-mode fiber (Fiber-2) having the 
same dispersion as that of Fiber-1 and a length L, and 
finally received by a receiver (Receiver). 
[0089] FIG. 1 2 is a graph showing measured results 25 
of changes in output power Pg^ with changes in input 
power P Sin of the DFB-LD used in this experiment In 
this measurement, unmodulated signal light was used. 
It is understood from FIG. 12 that the output power is 
saturated for the input power of about 8 mW or more. 30 
[0090] Further, a transmission experiment was 
made by setting the modulated RZ pulses so that the 
peak power of each pulse becomes sufficiently greater 
than the threshold of 8 mW obtained by the above 
measurement. FIGS. 13A to 13E show changes in 35 
waveform of the pulses. More specifically, FIG. 13A 
shows an original waveform, FIG. 13B shows an input 
waveform to the DFB-LD, FIG. 13C shows an output 
waveform from the DFB-LD, FIG. 13D shows a received 
waveform at L = 40 km in the case that the waveform 40 
shaping by the DFB-LD was not carried out, and FIG. 
13E shows a received waveform at L = 40 km in the 
case that the waveform shaping by the DFB-LD was 
carried out. It is understood from FIGS. 13A to 13E that 
the peak of each pulse was slightly flattened in the ver- 4$ 
tica! direction by the waveform shaping using the DFB- 
LD and that the effect of suppression of waveform deg- 
radation by the waveform shaping over 40 km transmis- 
sion was remarkable. Further, it is apparent that in the 
case of not passing the pulses through the DFB-LD, the so 
waveform is remarkably distorted by the dispersion and 
nonlinear effects (FIG. 13D) and that in the case of 
passing the pulses through the DFB-LD, this waveform 
distortion is suppressed (FIG. 13E). 
[0091] FIG. 14 is a graph showing changes in 55 
power penalty (BER = 10" 9 ) with changes in transmis- 
sion distance. It is understood from FIG. 14 that the 
transmission distance is increased 1 5 to 20 km by using 



the DFB-LD. That is, it was confirmed that the transmis-. 
sion distance at a power penalty of 1dB can be 
increased 20 km without dispersion compensation by 
the method of the present invention using DFB-LD. 
[0092] The effect by the method of the present 
invention is not dependent on a bit rate and a pulse 
shape. Actually, the RZ pulses each having a width of 
30 ps used in this experiment correspond to a bit rate of 
30 Gb/s, and it is apparent that they can be applied to 
sufficiently high-speed transmission. Although the 
present Invention is a simple method, the transmission 
distance can be increased (without dispersion compen- 
sation) by the present invention. Further, the tolerance 
to dispersion of the system can be expanded, and an 
exact setting accuracy of dispersion compensation 
which accuracy becomes greatly significant especially 
in high bit rates can be relaxed. 
[0093] According to the present invention as 
described above, it is possible to provide a method for 
optical fiber transmission which can increase a trans- 
mission distance. Further, it is also possible to provide a 
novel optica! device and system which are applicable to 
such a method. 

[0094] The present invention is not limited to the 
details of the above described preferred, embodiments. 
The scope of the invention is defined by the appended 
claims and all changes and modifications as fall within 
the equivalence of the scope of the claims are therefore 
to be embraced by the invention. 

Claims 

1 . A method comprising the steps of: 

(a) providing a first optical fiber having disper- 
sion; 

(b) supplying an optical signal to said first opti- 
cal fiber so that said optical signal is com- 
pressed on the time axis as propagating in said 
first optical fiber; and 

(c) supplying a compressed optical signal out- 
put from said first optical fiber to an optical 
device having a saturated gain. 

2. A method according to claim 1 , further comprising 
the step of supplying an optical signal output from 
said optical device to a second optical fiber. 

3. A method according to claim 1 , further comprising 
the steps of: 

providing at least one optical amplifier along 
said first optical fiber; and 
adjusting the peak power of said compressed 
optical signal so that the peak power becomes 
higher than a threshold power giving said satu- 
rated gain. 
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4. • A method according to claim 1 , wherein: 

the dispersion of said first optical fiber is nor- 
mal dispersion; and 

said step (b) includes the step of performing 
prechirping so that said optical signal has 
down-chirp. 

5. A method according to claim 1 , wherein: 

the dispersion of said first optical fiber is anom- 
alous dispersion; and 

said step (b) includes the step of performing 
prechirping so that said optical signal has up- 
chirp. 

6. A method according to claim 1, wherein said step 
(b) includes the step of suitably setting the disper- 
sion of said first optical fiber and the power of said 
optical signal. 

7. A method according to claim 1 , further comprising 
the step of providing a dispersion compensator for 
compensating the dispersion of said first optica! 
fiber along said first optical fiber. 

8. A method according to claim 2, further comprising 
the step of providing a dispersion compensator for 
compensating the dispersion of said second optical 
fiber along said second optical fiber. 

9. A method according to claim 1 , further comprising 
the step of providing an optical phase conjugator in 
the vicinity of a point where the dispersion of said 
first optical fiber is substantially equally divided. 

10. A method according to claim 2, further comprising 
the step of providing an optical phase conjugator in 
the vicinity of a point where the dispersion of said 
second optical fiber is substantially equally divided. 

11. An optical device to which an optical signal com- 
pressed on the time axis as propagating in an opti- 
cal fiber is supplied, comprising a semiconductor 
optical amplifier for applying a gain saturated in 
concert with an increase in input power to said opti- 
cal signal. 

12. An optical device according to claim 11, further 
comprising a light source for supplying assist light 
having a wavelength different from the wavelength 
of said optical signal to said semiconductor optical 
amplifier. 

13. An optical device to which an optical signal com- 
pressed on the time axis as propagating in an opti- 
cal fiber is supplied, comprising: 



a distributed feedback (DFB) laser; and 
a circuit for supplying a current to said DFB 
laser so that said DFB laser oscillates at a first 
wavelength; 

5 said optical signal having a second wavelength 

different from said first wavelength, whereby 
said DFB laser applies a gain saturated in con- 
cert with an increase in input power to said 
optical signal. 

10 

14. An optical device according to claim 13, further 
comprising a light source for supplying assist light 
having a third wavelength different from said first 
wavelength to said DFB laser. 

15 

15. A system comprising: 

an optical transmitter for outputting an optical 
signal; 

20 a first optica! fiber provided so that said optical 

signal is compressed on the time axis as prop- 
agating in said first optical fiber; and 
an optical device to which a compressed opti- 
cal signal output from said first optical fiber is 

25 supplied, said optical device having a saturated 

gain. 

16. A system according to claim 15, further comprising 
a second optical fiber to which an optical signal out- 

30 put from said optical device is supplied. 

17. A system according to claim 15, wherein said opti- 
cal device comprises a semiconductor optical 
amplifier for applying a gain saturated in concert 

35 with an increase in input power to said optica! sig- 
nal. 

18. A system according to claim 17, wherein said opti- 
cal device further comprises a light source for sup- 

40 plying assist light having a wavelength different 
from the wavelength of said optical signal to said 
semiconductor optical amplifier. 

19. A system according to claim 15, wherein: 

45 

said optical device comprises a distributed 
feedback (DFB) laser and a circuit for supplying 
a current to said DFB laser so that said DFB 
laser oscillates at a first wavelength; 
so said optical signal having a second wavelength 

different from said first wavelength, whereby 
said DFB laser applies a gain saturated in con- 
cert with an increase in input power to said 
optical signal. 

55 

20. A system according to claim 19, wherein said opti- 
cal device further comprises a light source for sup- 
plying assist light having a third wavelength 
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different from said first wavelength to said DFB 
laser. 

21. A system according to claim 15, further comprising 

at least one optical amplifier provided along said 5 
first optical fiber; 

the peak power of said compressed optical sig- 
nal being set so as to become higher than a 
threshold power giving said saturated gain. io 

22. A system according to claim 15, wherein: 

said first optical fiber has normal dispersion; 
and 15 
said optical transmitter includes means for per- 
forming prechirping so that said optical signal 
has down-chirp. 

23. A system according to claim 1 5, wherein: 20 

said first optical fiber has anomalous disper- 
sion; and 

said optical transmitter includes means for per- 
forming prechirping so that said optical signal 25 
has up-chirp. 

24. A system according to claim 1 5, further comprising 
a dispersion compensator provided along said first 
optica! fiber for compensating the dispersion of said 30 
first optical fiber. 

25. A system according to claim 16, further comprising 
a dispersion compensator provided along said sec- 
ond optical fiber for compensating the dispersion of 35 
said second optical fiber. 

26. A system according to claim 15, further comprising 
an optical phase conjugator provided in the vicinity 

of a point where the dispersion of said first optical 40 
fiber is substantially equally divided. 

27. A system according to claim 1 6, further comprising 
an optical phase conjugator provided in the vicinity 

of a point where the dispersion of said second opti- 45 
cal fiber is substantially equally divided. 
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